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Abstract --In the paper, a PESTLE (political, economic,
social, technical, legal, and environmental) analysis is used to
conduct an initial evaluation for electric vehicles (EV) and
gasoline cars. Furthermore, two cash flow models are created to
describe the scenarios of both gasoline and electric car
respectively. Based upon the proposed models, the equivalent
uniform annual cost (EUAC) methodology is used to calculate
the cost during the period of car ownership. Four compact EVs
and five compact gasoline cars are selected in the analysis. The
results expose that the actual return of federal tax credit
impacts the EUAC value. The 50% return of tax credit will
cause that the gasoline car is the winner during ownership. A
EUAC sensitivity analysis against gasoline prices and different
return of tax credit is also performed. Our work can help
individuals to create some sort of economic awareness on buying
EVs or gasoline cars.

I. INTRODUCTION
The increase in population in the next years, and the
number of vehicle operations will increase globally by
millions to billions. If the gasoline vehicles with internal
combustion engine propel all these vehicles, one can raise the
question where the required oil will come from and what the
ramifications in the future could be. Naturally, there will be
an increasing pollution of the environment. Although electric
vehicles already have been existing for approximately 200
years[1], their real breakthrough triggered by the rising
awareness of environmentalism was at the beginning of the
21st century[2]. They play an important role in addressing
issues like reducing petroleum dependency and emissions.
The demand for electric cars was increasing and oil prices
kept going up over the past few years, electric cars are
marketed as the next big thing and also as a solution to save
money. The overwhelming amount of federal, state, and local
support for the national transition to the use of electric cars,
combined with strong collaborations between the car
manufacturers, industries and policy makers, make everyone
expect the electric cars to take over the US market. Electric
car manufacturers and consumers are offered many incentives
by the state and federal governments to encourage the sales of
electric cars[3]. These electric cars are considered to be
environmental friendly as they consume negligible to zero
fossil fuels, very easy to handle, efficient and reliable. The
electric cars seem to be on the verge of breaking through
because they offer significant environmental benefits,
especially in the urban areas. Innovative business models are
designed in such a way that they would boost consumer
acceptance and overcome the remaining barriers such as high
battery costs, green electricity supply, and charging
infrastructure.

In almost every country, and especially in the USA, it is
cheaper to power up an electric vehicle than to fuel up a
gasoline one[4]. An electric car will not spoil the
environment highly because it releases less carbon dioxide
pollution than a gasoline car with an internal combustion
engine. The disadvantage of an electric car is the high initial
investment to own the vehicle, but savings can be earned
with respect to the gasoline prices and annual maintenance.
Right now, the battery life time of electric cars is a subject to
debate about[5][6], but improving technology is constantly
adding to performance and efficiency.
II. METHODOLOGY
The decision to conduct the analysis with focus on the
near future within the current topic was based on the research
finding that the average car ownership in the US is about six
years. Within the PESTLE (Political, Economic, Social,
Technological, Legal, and Environmental) analysis, both the
technologies themselves as well as their markets are
dissected. This analysis serves as the fundamental base of the
financial analysis.
Through literature and data research it turned out that the
market for the electric cars was more dominant in the
compact car segment than in any other segments. Although
there are a few representatives for electric cars in other
segments, such as standard and sedan class, they are still not
close enough to the number available for the same segment of
gasoline cars. Hence, it was decided to stick to compact car
segment in each type. In the compact car segment of each
type, through the data collected for all variants from different
sources, nine cars in total were chosen. Four representatives
from the electric cars segment, which are Honda Fit EV,
Chevrolet Spark, Nissan Leaf, Ford Focus BEV. The
gasoline cars chosen for the financial comparison with the
electric cars are Kia Soul, Toyota Corolla L, Mazda3 I SV,
Honda Civic LX, Ford Focus S Sedan.
After considering many factors for the financial
comparison, the final decision was made on the following
seven factors: Depreciation, Financing, Insurance, State
fees, Maintenance cost, Fuel, Repairs.
At first, the EUAC value was calculated for the period of
ownership up to six years for each car in each segment.
Finding out the EUAC value makes it possible to recognize
the best car during ownership. Also, with the help of EUAC
values, one can see the difference in values for each car of
each type. Combining the differences for all the six years,
one can observe a trend to decide if the EUAC values are
constantly increasing, decreasing or fluctuating constantly.
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In addition, a sensitivity analysis for fluctuation in both
tax credit and gas/electricity price was conducted. The
intention in applying a sensitivity analysis is on the one hand
to find out the critical values at which the results of a
scenario change from one to the other and makes it possible
on the other hand to find out the most economic ownership
period of a car.
III. PESTLE ANALYSIS
Based on the reviewing of articles and web sources, an
analysis of both the electric cars and the gasoline cars with
PESTLE is possible to see what external macro effects do
have an influence on the technologies as well as on the
respective market for the vehicles. Here it is important to
mention that only the effects of the respective surrounding
characteristics on the technologies were considered and not
pros/cons of the electric/gasoline car within the fields of
PESTLE.
A. Political Impacts
The US government provides tax incentives for the owner
of electric cars that allow getting a tax credit depending on
the purchasing year, the state and especially the income level
of the owner[7] . Moreover is the United States’ National
Innovation System interested in keeping/building the nation's
competitive advantage in the PEV-car technology and
provides therefore through the Department of Energy Load
Programs Office (LPO) annual funding for innovative
technologies [8][9][10][11]. The gasoline cars on the other
hand are politically influenced by heavy lobbying in the
USA, which results in a strong market position [12].
Furthermore does the US economy rely among other things
on ongoing consumption of gasoline cars to maintain growth
and nationwide affluence, but the government does also
require the car manufacturers to make the engines more fuel
efficient, which leads to constantly new challenges.
B. Economic Impacts
PEVs are affected by long charging times, which is a loss
in time and especially difficult in long journeys and can thus
indirectly be considered as higher costs. Since economies of
scale are not as developed as economies of scope for the
manufacturing of electric cars and the used materials like the
battery are more expensive, the production costs are
significantly higher and as a consequence the retail price
customers have to pay is obviously higher compared to
gasoline cars [13][14]. The fact that the technology is not as
much exploited and not as sophisticated yet as the gasoline
cars, electric vehicles tend to have an increased sensitivity to
scarcities, therefore increased maintenance costs and a much
faster loss of value[15][16][17]. This will be considered in
more detail in the “Technological” section of the PESTLE.
Insurance policies for PEVs are moreover mainly the same as
for gasoline cars. The reason is that insurance companies do
not establish any specific models for electric vehicles and

thus EVs are just handled as normal gasoline cars. Some
insurance providers however, offer higher prices for PEVs,
which is of course an economical liability for the owners
[18][19][20] [21] . Another issue still not elaborated yet is the
evacuation of old batteries after their lifetime. Who is going
to pay for this? Will it be covered by insurance companies, by
the car manufacturers, the government, or the car owners
themselves? Whoever will be the carrier of the evacuation
costs is going to be an additional financial liability [22][23].
Another very important, maybe the most important factor of
cost comparison concerning the viability, is the energy and
especially the gas price. The Oil price decreased alone in the
last 6 months form over $100 per barrel to $61 per barrel and
with the U.S. becoming the world’s largest oil producer in
2017 this trend is very likely to continue [24][25]. Obviously,
this is going to harm the ambition to push forward the
dissimilation of electric vehicles.
C. Social Impacts
The awareness of environmental and ecological issues in
the public is experiencing a significant increase over the last
couple of years and people feel more responsible for their
actions and their ecological impact. On the other hand safety
concerns like burning batteries are still negatively influencing
the consumer’s decisions. Furthermore, gasoline cars are still
a part of the American culture as a status symbol and proved
their practicability over centuries, which resulted in a high
degree of trust. Another critical point is the question, how the
energy to charge the cars is produced. If this energy comes
mainly from fossil sources, the entire electric car topic would
turn into a classic example of greenwashing and totally fail its
purpose[26] [27][28].
D. Technological Impacts
The technological effects on electric cars are the low
mileage related to battery life, which leads to trouble due to
long distances to be covered [13][26] in the northwest and
especially in cold seasons [29][30]. On the other hand
provides the lightweight-construction [13] of the cars
technically an efficiency of 80-90%. This however is only
valid if the energy to charge the car is exclusively produced
by renewable energies. If the power comes from fossil energy
the efficiency decreases dramatically fewer than 30%, which
makes it actually lower than for gasoline cars [31]. Even if
the threat is really low, batteries still might blow up and
represent thus a danger for the owners[32] [33]. Another
issue is the still long charging times for PEVs. The most
powerful chargers right now still take up to 30 minutes[34].
This is especially on long journeys or for business trips a nogo. The entire production process of gasoline cars is
moreover highly driven by economies of scale, which makes
it really hard to compete, even though the manufactures can
use the established economies of scope [35] . The industry is
in contrast to the PEVs very mature with tons of innovations
and technologies and continuous improving engines and
production processes [12][25].
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E. Environmental Impacts
The Environmental impacts on the electric cars are a
technically infinite source of power, if the electricity is
produced through renewable energies, which is not the case
for the entire US [27] [28]. Gasoline cars on the other hand
are dependent on a finite source of fossil oil. However, as
already stated above, the oil production in the US increases
massively and prices are declining. A further issue is
moreover the disposal of batteries. There don’t exist any
reliable models on how to proceed with this highly toxic
waste yet [22][23].
F. Legal Impacts
Right now there exist two main standards for fastcharging technologies for electric vehicles in the US, they
cannot be used with each other. Thus a legally forced
standardization is required [36]. Furthermore does the
question arise, whether the government or the companies are
paying for the extension of the charging infrastructure [37]
and if there might be further incentives for the OEMs to
produce more electric vehicles [38]. Gasoline cars in contrast
underlie a progressive legal regulation of the emissions [39].
IV. FINANCIAL ANALYSIS
There are many different models of gasoline cars, but
there are not many models of EV cars. Most of affordable EV
cars are of compact size. Based upon the American Best
Affordable Car List[40] and Edmonds list[41], four compact
EV cars and five compact gasoline cars (Table 1) are selected
for comparison and analysis.
The statistic [42][43] shows the length of car ownerships
in the United States. In 2012, new-car buyers kept their
vehicles for about 71.6 months. The length of car ownerships
depends on the overall job market. If the unemployment rate
is high, the new-vehicle market will slow down and people
will keep their vehicles longer. Now, it has returned to just
over 66 months of ownership[44]. Based upon the average
length of car ownership, the studying period of our economy
analysis in the paper is up to six years.

Figure 1 – Length of car ownership

In order to perform the financial analysis, one needs to
determine the minimum acceptable rate of return (MARR).
Based upon the U.S. Department of the treasury [45], it is
possible to find out five-year and seven-year T note rates that
are 1.63% and 2.05% respectively. The studying period can
go up to six years and thus the average of the five-year and
seven-year rate was taken, which means in numbers a MARR
rate of 1.84%.
Figure 2 and Figure 3 demonstrate the cash flow model
for a gasoline car and an electric car respectively. The
difference is the tax credit for an electric car. The tax credit is
not a price reduction, so we cannot deduct it from the initial
purchasing price. The actual return may also depend on the
individual income. At this point the assumption is made that
the customer will get the maximum return of tax credit which
is $7,500 [7][46]. The variation of return of the tax credit will
be considered in the sensitivity analysis. Some states [46]
may have other incentives for EV cars, but within this paper
there is not a focus on the local incentives in order to reduce
the complexity. The market value of a car will be different
every year because of deprecation, and the annual expense is
different as well because maintenance cost, repair cost, fuel
cost, etc. may change. The car owner will not make profit
during the ownership of the car, but he/she would like to
minimize the cost during the ownership.
There are a few different methodologies [47], such as
PW, FW, AW, CW, and EUAC to perform economic
analysis for owning a car. EUAC is the best way to evaluate
the cost for owning a car. The less EUAC will be
economically good.

TABLE 1 - COMPACT CARS FOR ANALYSIS

EV cars
Honda
Fit EV
4Dr Hatchback

Chevrolet
Spark EV

$36,625

$27,010

Gasoline cars

Nissan
Ford
LEAF S
Focus BEV
4Dr Hatchback 4Dr Hatchback

$28,980

$35,170

Kia
Soul
4Dr Wagon

Toyota
Corolla L
4Dr Sedan

Mazda
Mazda3 i SV
4Dr Sedan

Honda
Civic LX
4Dr Sedan

Ford
Focus S
4Dr Sedan

$16,900

$17,400

$17,995

$19,190

$16,810
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Figure 2 – Cash flow model for a gasoline car

Figure 3 – Cash flow model for an EV car

The equation below is used to calculate the EUAC value:
(1)
(2)
Where I = initial investment (MSRP of a car)
= market value at the end of the kth study period
K = study period
TC = tax credit

Figure 44 - Car depreciation rate

V. RESULTS

We define
(3)
We call CE as cumulative expense.
Thus, by substituting the CE i
expression of equation
(3) into the express (1) and (2), equation (1) and (2) become
(4)

(5)
The data for six years was obtained from IntelliChoice’
website[48][49][50][51][52][53][54][55][56], and the data is
based upon the 15,000 miles each year . The 6th year is based
upon the car deprecation rate [57][58] to evaluate the market
value for the car. In fact, the depreciation rate is determined
by a few different factors such as the economy, the price of
gasoline, the number of miles one drives its car, the condition
of the car, and the demand for the particular maker and model
of the car.

Table 2 and Table 3 are exemplary for the calculation of
the EUAC for electric respectively gasoline cars. It is
assumed that the owner gets full $7,500 tax credit as a return.
As mentioned above, the owner may not get the full amount
of tax return and if not, this is going to impact the EUACs.
The line of CE in the table is the cumulative expense defined
by equation 3. The line of PW of TC is the present worth of
the return of tax credit. Generally speaking, the number of
EUAC will be decreasing with the increase of the ownership
period. However, the EUAC number for an EV may
experience an increase and then decrease because of the tax
credit.
Table 4 shows the EUAC comparison of all cars in case of
the full 100% tax credit. For this case, the Chevrolet Spark
EV 2LT 4Dr Hatchback is the economically most viable car.
Table 5 shows the EUAC comparison for only 50% tax
credit where the Toyota Corolla L 4Dr Sedan stands out
economically.

TABLE 2 - CALCULATION GASOLINE VEHICLE

TABLE 3 - CALCULATION ELECTRIC VEHICLE

2014 Toyota Corolla L 4Dr Sedan
Tax credit
PW of TC
MARR

2014 Honda Fit EV 4Dr Hatchback

0
0
1.84%

Year
0
1
2
3
MSRP
$17,400
Depreciation
$3,319 $1,261 $1,247
MV
$14,081 $12,820 $11,573
Financing
$675
$538
$395
Insurance
$1,468 $1,468 $1,468
State Fees
$103
$67
$68
Fuel
$1,534 $1,558 $1,583
Maintenance
$0
$17
$468
Repairs
$0
$0
$74
cost
Overall
$3,780 $3,648 $4,056
CE
$3,712 $7,099 $10,940
EUAC
$7,418 $6,237 $6,009

Tax Credit
PW of TC
MARR
4

5

$1,100
$983
$10,473 $9,490
$246
$87
$1,468 $1,468
$64
$64
$1,609 $1,634
$691
$487
$160
$324
$4,238 $4,064
$14,879 $18,589
$5,897 $5,771

$7,500
$7,364
1.84%

Year
0
1
2
3
4
5
MSRP
$36,625
Depreciation
$8,393 $2,983 $2,889 $2,733 $2,588
MV
$28,232 $25,249 $22,360 $19,627 $17,039
Financing
$1,436 $1,443
$839
$522
$185
Insurance
$1,621 $1,621 $1,621 $1,621 $1,621
$132
State Fees
$92
$90
$83
$81
Fuel
$497
$505
$513
$522
$530
Maintenance
$83
$99
$305
$494
$548
Repairs
$0
$0
$83
$178
$362
cost
Overall
$3,769 $3,760 $3,451 $3,420 $3,327
CE
$3,701 $7,317 $10,585 $13,764 $16,801
EUAC
$5,335 $6,286 $6,456 $6,482 $6,442

6
$870
$8,620
$0
$1,468
$64
$1,659
$700
$600
$4,491
$22,615
$5,733

514

6
$1,831
$15,208
$0
$1,621
$81
$538
$600
$200
$3,040
$19,526
$6,242
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TABLE 4 - EUAC COMPARISON WITH FULL TAX CREDIT BACK

Gasoline cars

EV

Fuel Type

Car model
Honda Fit EV 4Dr Hatchback
Chevrolet Spark EV 2LT 4Dr Hatchback
Nissan LEAF S 4Dr Hatchback
Ford Focus BEV 4Dr Hatchback
Kia Soul 4Dr Wagon
Toyota Corolla L 4Dr Sedan
Mazda Mazda3 i SV 4Dr Sedan
Honda Civic LX 4Dr Sedan
Ford Focus S 4Dr Sedan

MSRP
$36,625
$27,010
$28,980
$35,170
$16,900
$17,400
$17,995
$19,190
$16,810

Y1
$8,138
$5,504
$4,509
$6,320
$8,138
$7,418
$7,537
$8,504
$8,163

Y2
$6,996
$5,371
$5,413
$6,978
$6,996
$6,237
$6,478
$6,985
$6,849

EUAC
Y3
Y4
$6,665
$6,522
$5,409
$5,453
$5,782
$5,977
$7,208
$7,331
$6,665
$6,522
$6,009
$5,897
$6,169
$6,043
$6,541
$6,315
$6,507
$6,278

Y5
$6,340
$5,351
$5,915
$7,163
$6,340
$5,771
$5,874
$6,092
$6,110

Y6
$6,173
$5,244
$5,739
$6,890
$6,173
$5,733
$5,747
$5,914
$5,967

TABLE 5 - EUAC COMPARISON WITH HALF TAX CREDIT BACK

Gasoline cars

EV

Fuel Type

Car model
Honda Fit EV 4Dr Hatchback
Chevrolet Spark EV 2LT 4Dr Hatchback
Nissan LEAF S 4Dr Hatchback
Ford Focus BEV 4Dr Hatchback
Kia Soul 4Dr Wagon
Toyota Corolla L 4Dr Sedan
Mazda Mazda3 i SV 4Dr Sedan
Honda Civic LX 4Dr Sedan
Ford Focus S 4Dr Sedan

MSRP
$36,625
$27,010
$28,980
$35,170
$16,900
$17,400
$17,995
$19,190
$16,810

Y1
$9,085
$9,254
$8,259
$10,070
$8,138
$7,418
$7,537
$8,504
$8,163

Y2
$8,178
$7,263
$7,305
$8,870
$6,996
$6,237
$6,478
$6,985
$6,849

EUAC
Y3
Y4
$7,728
$7,445
$6,682
$6,416
$7,055
$6,940
$8,481
$8,294
$6,665
$6,522
$6,009
$5,897
$6,169
$6,043
$6,541
$6,315
$6,507
$6,278

Y5
$7,220
$6,128
$6,693
$7,941
$6,340
$5,771
$5,874
$6,092
$6,110

(a)

Y6
$6,896
$5,898
$6,393
$7,544
$6,173
$5,733
$5,747
$5,914
$5,967

(b)

(c)

(d)

(e)

(f)
Figure 5 - Sensitivity Analysis against the Return of Tax Credit
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Figure 5 shows the sensitivity to the return of the tax
credit. Chevrolet Spark EV 2LT 4Dr Hatchback is still
economic until the 70% return of the tax credit. If the return
is less than 70% of the tax credit, Toyota Corolla L 4Dr
Sedan will be the winner.
The fuel (electric and gasoline) price is another major
factor impacting the calculation. The Electricity price is
relative stable whereas gasoline prices are impacted by many
uncertain factors, and the change does impact the decision.
Table 6 shows the national average prices for electricity and
gasoline. The gasoline in 2015 could be decreased by
13.27%.
Figure 6 shows the EUAC sensitivity against the change
of gasoline prices:
 In Figure 5(a), the return of tax credit is 100%, and the
Chevrolet Spark EV is the winner. If the gasoline price is

decreased simply by 14%, nothing changes and the
Chevrolet Spark EV is still best. If the gasoline price is
decreased simply by 30% shown in Figure 6(d), the
Toyota corolla will be the winner if the car is owned for
four years or longer.
 In Figure 5(d), the return of tax credit is 70%, and the
Chevrolet Spark EV is the most economic one if the
consumer owns the car for six years. If the gasoline price
is decreased simply by 14%, Figure 6(b) displays that the
Toyota corolla will be the winner.
 In Figure 5(f), the return of the tax credit is 50%, and the
Toyota corolla is the winner. If the gasoline price is
increased simply by 14%, Fig 6(a) exhibits that the
Chevrolet Spark EV will be the winner if the car is owned
for six years.

TABLE 6 - EIA (U.S. ENERGY INFORMATION ADMINISTRATION) PRICE FORECAST [59]
Year
2012
2013
2014 2015 Projected
Gasoline ($/gallon. National Wide Average Pump Price)
3.63
3.51
3.39
2.94
Electricity ( /kwh, Residential Average)
11.88
12.12
12.48
12.7

(a)

(b)

(c)

(d)
Figure 66 - Sensitivity Analysis against Gasoline Prices
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VI. CONCLUSION
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